INTRODUCTION
While games have been used for educational purposes for some time (Levine, 2006) , they have attracted increasing interest among educators in recent times due to the exponential rise of digital gaming in popular culture, and claims regarding the potential of games for facilitating engagement, motivation and student-centred learning. Such claims have led to the coinage of the term "serious games": a term which, although subject to some conceptual debate (Ritterfield et al., 2009) , is used in this paper to denote digital games that have ulterior nonentertainment motives such as teaching, training and marketing (Johnson et al., 2005) .
It is widely acknowledged that such games can provide an engaging, motivating and "fun" experience for students. However an entertaining game does not necessarily constitute a meaningful, valuable learning experience. For this reason, experts in the field espouse the importance of underpinning serious games with a sound theoretical framework which integrates and balances theories from two (often competing) fields of practice: pedagogy and game design (Kiili, 2005; Seeney & Routledge, 2009) . While a sound pedagogical framework is considered essential to their effectiveness as learning tools, equally important is the integration of game play elements which harness and sustain player engagement. Additionally, with the advent of sophisticated and immersive technologies, as exemplified in the virtual worlds of contemporary games, and increasing interest in the opportunities for constructivist learning offered by these worlds, concepts of fidelity, and its impact on student learning and engagement, have emerged (Aldrich, 2005; Harteveld et al., 2007 Harteveld et al., , 2010 . This paper will explore this triadic theoretical framework for serious game design, outlining underpinning theories, reviewing key literatures and identifying associated challenges and issues ( Figure 1 ). The paper begins by reflecting on pedagogical theories commonly utilised to conceptualise game-based learning, focusing on three constructivist theories. Following this, attention switches to theories used to conceptualise players' engagement with digital games, and thus inform effective, engaging and "fun" game design. As a key component of engaging and pedagogically effective game design, the concept of fidelity, and how it relates to game design and game-based learning, is discussed. The paper will conclude by reflecting on issues and challenges involved in balancing these components when designing serious games.
Pedagogical Underpinnings
Over recent years, a growing body of literature has emphasised the importance of underpinning serious game design and game-based learning strategies with established instructional strategies and pedagogical theories (Kebritchi & Hirumi, 2008) . According to this argument, serious game design (as an example of instructional design) should be underpinned by a clear conceptualisation of how people learn and what it means to learn (Lainema & Saarinen, 2010) .
A wide range of theories have been proposed to explain the learning that takes place within games and as a result, to underpin serious game design. At a most basic level, it is argued that some games, for example casual games -which allow players to acquire knowledge and practice skills in an engaging environment -embody behaviourist principles (Kebritchi & Hirumi, 2008) . According to this epistemological perspective -which focuses on the measurable, behavioural outcomes of learning (Jarvis et al., 2003) -knowledge is conceptualised as an abstract decontextualised "substance," with game play and the learning Figure 1 . A triadic framework for serious game design experience seen as an individualistic process of information transfer between game and player (Ruben, 1999) . Central to behaviourism is the drill and practice model, where the repetition of stimulus-response patterns strengthens observable habits and behaviours (Ormrod, 1999) . Many casual games embody this through the unlimited opportunities they provide for repetition and practice in a virtual environment and through their capacity for immediate feedback (or reinforcement) (Mayo, 2009) .
As digital games have increased in complexity, the pedagogical theories utilised to underpin their use and design as learning tools have diversified, with most resting on constructivist principles. While encompassing a wide range of theoretical approaches to learning, constructivism rests on the epistemological assumption that knowledge and skills are constructed by learners as they attempt to make sense of their experiences (Driscoll, 2000) . A dominant theme of constructivism is the importance of creating an "authentic" learning environment -"authentic" in the sense that it replicates what the learner would face in a real-life situation. According to this view, many complex digital games (such as role-playing games and massively multiplayer games) provide such authenticity, allowing players to experience situations and assume roles that may be inaccessible in the real world. By facilitating such immersion, it is argued that these games provide an authentic and engaging environment in which to develop critical 21 st century skills such as problem-solving, decision-making, collaborative/social skills and so on (Van Eck, 2006; Oblinger, 2004; de Freitas & Griffiths, 2007; Klopfer et al., 2009) . Those who adopt this view frequently situate the learning process within a framework of pedagogical theories such as situated learning (Lave & Wenger, 1991) , problem-based learning (Savin-Baden & Howell-Major, 2004 ) and experiential learning (Kolb, 1984) . This paper recognises the complex, constructivist nature of learning and acknowledges that a wide variety of constructivist theories have been used to underpin and explain gamebased learning, including inquiry-based learning (Barab et al., 2005) , generative learning theory (Trespalacious & Chamberlain, 2010) , activity theory (Peachey, 2010) and more recently transactional theory (de Freitas & Maharg, 2011) . Recognising the complex, constructivist nature of learning and the importance of underlining serious game design with established theories which help explain how people learn, this paper provides an overview of three key constructivist theories commonly utilised to conceptualise game-based learning, and it highlights the challenges involved when using them to inform serious game design.
Situated Learning
Many writers espouse the educational value of serious games as residing in their potential to facilitate situated learning (Prensky, 2001; Kirriemuir & McFarlane, 2004; Van Eck, 2006) . Theories of situated cognition refute the premise on which cognitivism is based, which states that knowledge is an abstract "substance" independent of context. Conversely, situated learning theorists claim that knowledge cannot be abstracted from the situation in which it is learned and used because it is inherently situated: in other words, its meaning is derived in part from its context of use (Brown et al., 1989) . Consequently it is argued, the process of learning is necessarily situated whereby for effective learning to take place, it must be embedded in an activity which makes use of the learner's social and physical context. Brown et al. (1989) clarify situated cognition theory through a "tool" metaphor. Describing conceptual knowledge as a "set of tools," they state that, while one may easily acquire a tool, it does not necessarily follow that one knows how to use it. In the same way, a person may acquire conceptual knowledge but they may be unable to apply it in real-life, authentic situations. Situated learning, it is proposed, offers a solution to this dilemma by integrating declarative knowledge ('knowing that') with procedural knowledge ('knowing how') into one pedagogical framework (Driscoll, 2000, p. 154) .
Additionally, whereas cognitivist theories view learning as an individual process (taking place within an individual's head), situated theories posit that learning cannot be pinned down to such a level because the context of learning -including the physical and social environment -is an integral part of the learning process (Derry & Steinkuehler, 2003) . According to this perspective, cognition is stretched beyond the mind of the individual to encompass not only the task and social tools or artifacts used during the task, but also the social context and its participants (Derry & Steinkuehler, 2003) . Essentially, the learner is viewed as a member of a community of practice which they actively participate in and contribute to (Lave & Wenger, 1991) . These communities may be conceptualised as local or they may encompass wider spheres, such as an entire profession (Shaffer et al., 2005) . In either case, it is argued that each community of practice generates the practices, social/cultural norms, values, goals and identities of its members, thus echoing nondualist ontological claims that the meaning of the mind, the individual and the world are not natural, standalone entities per se but are historical and cultural products, determined by human practices and constituted through human activity (Derry & Steinkuehler, 2003) .
According to this perspective, communities of practice are key to the learning process (Lave & Wenger, 1991) , whereby learning can only take place by participating and interacting with this community -described as a process of 'enculturation' or 'apprenticeship' (Brown et al., 1989, p. 33; Lave & Wenger, 1991, p. 32) . "Scaffolding" is an important component within this learning approach where novice participants are supported and coached as they become familiar with the community's norms, values and practices: such scaffolding is gradually removed, as the participant moves from novice to expert during their 'apprenticeship' (Young, 1993, p. 47) .
With regard to serious games, it is argued that this medium offers extensive opportunities for situated learning. The virtual worlds of such games allow players to become immersed in, and participate in, a virtual "community of practice," without the barriers and risks of the real world. Multiplayer games and massively multiplayer online games (MMOGS) provide new opportunities to engage with even wider communities of practice (de Freitas & Griffiths, 2007) . However, while situated learning offers many possibilities, it also creates challenges for those designing games underpinned by this learning approach. A key issue regards transfer. Specifically, it is argued that learning that is inherently situated or context-specific is unlikely to transfer to new contexts (Ormrod, 1999) . When using serious games, questions regarding transfer widen to encapsulate virtual and real-world contexts. In other words, will students be able to transfer information/ skills learned in the virtual world to a real-life scenario? In favour of the situated approach, research has shown that several factors influence the likelihood that information or skills learned in one context will transfer to another. Firstly, the more similar two situations are, the greater the potential for transfer of learning from one to the other (Ormrod, 1999; Singley & Anderson, 1989 , as cited in Anderson et al., 1996) . Secondly, the more thoroughly or meaningfully something is learned, the more likely it is to transfer to new contexts (Ormrod, 1999; Anderson et al., 1996) . Thus it is important that learners are given numerous, varied examples and opportunities to practice new skills. Additionally, some argue that transfer problems can be overcome by encouraging "meaningful learning" (whereby the student demonstrates understanding as opposed to memorisation) and by developing critical skills such as problemsolving, critical thinking and decision-making (Ormrod, 1999) . Finally, it has been shown that transfer is enhanced when learners are encouraged to reflect on the potential for transfer during the learning process (Anderson et al., 1999) . With regard to situated learning through serious games, researchers have suggested that reflecting on the links between the gaming environment and real life through debriefing enhances the likelihood that transfer will occur (Pivec, 2007) .
Problem-Based Learning
Originating in medical schools in the United States and Canada in the 1950s/60s, PBL was conceptualised in response to educators' concerns that traditional didactic methods were failing to equip students with skills and characteristics needed in the medical profession, such as problem-solving, decision-making, communicating and team-playing (White, 1996, as cited in Uden & Beaumont, 2006, p. 30) . It was envisaged that PBL would facilitate the development of such skills by shifting the focus from teaching (via didactic instruction) to student learning via active participation in problem-solving activities. According to PBL, knowledge is complex rather than prepositional and it changes in response to problem-solving actions and behaviours in real-world communities (Uden & Beaumont, 2006) . Thus this approach might be seen as an ideology rooted in the experiential learning tradition (Savin-Baden & Howell Major, 2004) . While PBL can be implemented in various ways, it is characterised by several key features. As the title indicates, it is epitomised by the fact that the curriculum is constructed entirely around problems, as opposed to the traditional dissemination of subject matter (Boud & Feletti, 1991) : students acquire and develop knowledge, skills and understandings as they strive to solve these problems, drawing on support from various sources including subject materials and tutors' guidance. The role of the tutor becomes one of facilitator, coach or modeller, instead of expert (Uden & Beaumont, 2006) . In a similar vein to cognitive apprenticeship models described in the previous section, scaffolding plays an integral part in supporting learners as they develop metacognitive skills. Authenticity is another key trait of PBL, whereby it is argued that problems must engage students in situations as near as possible to real life in order to stimulate problem-solving behaviours employed by practicing professionals (Savery & Duffy, 1996) . Similarly, one of the core premises of PBL is its emphasis on contextuality, where it is believed that problems can only be understood and solved in context.
Proponents of PBL argue that it holds significant potential for learning. Research with higher education (HE) students suggests that it is highly effective in developing learners' understanding of domain-specific principles (Gijbels et al., 2005) . A major advantage is that it can aid with problems of transfer by affording students the opportunity to apply knowledge to real-life problems (Delisle, 1997) . Another cited advantage is that PBL encourages selfdirected learning and learner independence (Savery & Duffy, 1996) . To progress through a PBL programme, students must explore a problem, formulate questions in response, identify and acquire relevant information, and use this information to answer their questions and solve the problem at hand. Through such activities, students are encouraged to develop higher order cognitive skills such as problemsolving, decision-making and critical thinking: 21 st century skills which are considered essential in today's knowledge economy (Uden & Beaumont, 2006; Klopfer et al., 2009) .
With regard to serious games, PBL underpins most design strategies in the form of goals or missions which the player must strive to accomplish (Kiili, 2005 (Kiili, , 2007 . PBL strategies within serious games can encompass varying degrees of complexity -from single-player games which require the player to complete tasks in a linear fashion, to massively multiplayer games where players face a range of problems and decision-making scenarios, in a collaborative environment. In all cases, games can be seen as a complex problem comprising multiple problems or goals (Van Eck, 2007; Tuzun, 2007) . For educators and students, serious games offer expanded and enhanced PBL opportunities. Highly realistic three-dimensional (3D) environments may provide for more authentic and immersive representations of real-life problems. Games provide extensive opportunities for scaffolding through supplementary tools and resources, in-game character feedback and narrative game design . However, PBL also presents challenges for learners, tutors and game designers. For the latter, devising authentic problems/scenarios can be difficult, particularly when trying to cater for different student groups or needs. For learners, transfer problems may arise: because problem-solving is considered domain-specific -and cannot be taught as a set of abstract principles or rules (Van Eck, 2007 ) -students may develop new knowledge and skills in one context but face difficulties transferring them to new scenarios (McKeachie, 2002) . To overcome such problems, it is recommended that students are given multiple opportunities to practice problemsolving in different domains (Larkin, 1989) . Additionally, PBL requires self-directed learning: some students, particularly younger learners, may have difficulty with this and will require additional scaffolding or support throughout the problem-solving process . While gaming environments can provide such scaffolding through careful pedagogical design and selected game features, the question arises, how much scaffolding should the game provide? Ideally, games should provide just enough support to allow the learner to progress, and no more (Van Eck, 2007) . However, for designers, making the judgment on what is "just enough" can be difficult.
Experiential Learning
For many years, researchers and educators have espoused the centrality of experience to the learning process. As a philosophy of learning, experiential learning underpins many pedagogical approaches including situated learning and problem-based learning (Boud & Feletti, 1991) . Some academics have emphasised this link further stating that experience forms the basis of all learning (Beard & Wilson, 2002) .
As a theoretical model, experiential learning was first defined by Kolb (1984, p. 41) as 'the process whereby knowledge is created through the transformation of experience.' While various models of experiential learning have been proposed, Kolb's model -which has foundations in the philosophical traditions of Dewey, Lewin, and Piaget -is a central work in the field (Kolb, 1984; Kiili, 2005) (Figure 2 ). According to Kolb's model, learning is a cyclical process which consists of four main stages. Beginning with a concrete experience, the learner makes observations on, Figure 2 . Kolb's experiential learning model (1984, p. 21) and reflects on, this experience. On the basis of these reflections, he/she draws conclusions and makes generalisations on how their new knowledge can be used in other scenarios. Finally the learner tests these generalisations and hypotheses through experimentations and further experiences. Kolb argues that while the learning process often begins with a concrete experience, it can begin at any one of the four points, and that it should really be approached as a continuous spiral. Thus Kolb's model emphasises the continuous nature of learning, and the belief that learning and understandings are derived from, and modified through, experience. Central to this model is the certainty that feedback, reflection and action are necessary features of meaningful learning.
Kolb's model has been subjected to various criticisms and elaborations. Jarvis et al. (2003) claim that it fails to acknowledge the complex nature of experience: by focusing on episodic experience, it ignores the fact that experience is also a lifelong phenomenon and it fails to consider different types of experience, such as primary experience (a direct experience of the external world), secondary experience (a mediated experience), real experience (experience of actual context), and artificial experience (a created form of experience, for example a simulation). Holman et al. (1997) argue that Kolb's sequential four stage cycle is too simplistic, failing to reflect the complex process of learning which, they describe as 'a process of argumentation in which thinking, reflecting, experiencing and action are different aspects of the same process' (p. 145). Miettinen (2000) claims that Kolb's model is overtly cognitive and places too much emphasis on the individual construction of knowledge, thus failing to acknowledge the importance of social interaction to the learning process. In the same vein, Miettinen (2000) criticises Kolb's failure to acknowledge that individual reflection has limitations -it may result in false conclusions and may not help us understand or explain new experiences.
In an attempt to account for these weaknesses and to capture the complexity of experiential learning, Jarvis et al. (2003) have expanded Kolb's model (Figure 3 ). While it Figure 3 . A revised model of the experiential learning processes (Jarvis et al., 2003, p. 59) appears complex, it highlights some pertinent factors. Firstly it differentiates between the totality of experience and episodic experience(s), acknowledging that lifelong experience has a major impact on how learners respond to, and learn from, an episodic experience. Secondly, it acknowledges that different types of learning -cognitive, physical and emotional -result from experience and it asserts that reflection is not a pre-requisite for all types of learning, such as preconscious learning (where learning occurs at the periphery of consciousness), memorisation and learning of skills. Beard and Wilson (2002) elaborate on the concept of preconscious learning through their description of perception in experiential learning (Figure 4) . Drawing from the work of Piaget and Bloom, they describe the 'cocktail party phenomenon' whereby on encountering a new social situation our brains quickly scan the environment (p. 18). They posit that while consciously focused on one stimuli (for example listening to a colleague, completing a specific task), at a subconscious level we are constantly taking in others such as wall pictures, surrounding conversations and so on. As these are filtered and registered (consciously and subconsciously), we interpret them by relating them to previous experience: an interpretive process resulting in either (a) assimilation into existing mental schema, (b) accommodation of schema to take into account of new experience or, (c) rejection. Additionally, it is argued that this response can be behavioural, affective or cognitive.
For many years, experiential learning has been promoted in formal education with role plays, field trips and internships providing opportunities to participate in, and experience, the workings of a real-life environment. Recently, serious games have provided new opportunities for experiential learning in a virtual environment, allowing students to become immersed in, and participate in experiences that may be inaccessible in the real world (Dalgarno & Lee, 2009 ). While providing additional learning opportunities, serious games can also provide a safe environment in which to learn from mistakes -an important facet of experiential learning (Beard & Wilson, 2002) .
Designing games which maximise the potential for experiential learning is extremely challenging however. Because serious games essentially provide an artificial view of the real world, it is important that this environment and associated tasks are authentic in order to evoke real-world experiences (Barab et al., 2000) . A reasonable assumption would therefore be that gaming environments should replicate reality as closely as possible. However research has shown that such high-fidelity aspirations are not always appropriate and, in fact, simplifications are often required in order to avoid cognitive overload and thereby maximise learning and (2002, p. 19) engagement (Kiili, 2007) . However achieving a balance between authenticity and simplicity -an issue which will be discussed later in this paper -is a difficult task. Another difficulty results from the need to maintain an appropriate level of challenge for the learner, which is important if the learner's motivation and interest is to be sustained (Csikszentmihalyi, 1990) . While challenges should ideally adapt to the learner's skill level, this is difficult as it is impossible to predict how quickly a player/learner's skills will develop. Developing games that adapt to a player's behaviour is one solution, although this too is far from simple (Kiili, 2005) . Adams (2010) states that "the goal of a game is to entertain through play" (p. 30) with the essence of game play comprising the challenge/ action relationship whereby a player is permitted to take various actions in order to address the challenges underpinning the game. With serious games where the non-entertainment objectives of educating and informing enter the game design process, most experts argue that achieving an effective balance of play and pedagogy is key to their effectiveness (de Freitas, 2007; Seeney & Routledge, 2009) .
Theoretical Underpinnings of Game Play
Underpinning game design strategies are theories of engagement, motivation and flow. With the advent of highly sophisticated virtual worlds, concepts of immersion and its relationship to player engagement have also emerged in game design literature (Brown & Cairns, 2004; McMahon & Ojeda, 2008) . This section will provide an overview of these underpinning theories, and will identify design strategies commonly utilised to effect engagement, flow and immersion in digital games.
Engagement, Motivation, Flow, and Immersion
The ability of digital games to powerfully engage and intrinsically motivate players is well documented (Rosas et al., 2003; Dickey, 2005; de Freitas, 2007; Hoffman & Nadelson, 2010) .
Gamers frequently spend hours playing digital games, often returning to the same game many times. They invest huge amounts of time and energy in mastering game rules and strategies, many of which are complex (Lim et al., 2006) . While some have expressed concerns about the time and energy devoted to playing games in contemporary culture (Frangoul, 2010) , the power of games to motivate and engage players -combined with research linking engagement and motivation to effective learning -has led many educators to explore their potential for learning (Prensky, 2001; Kiili, 2005; Van Eck, 2007; Whitton, 2009) .
Motivation theory has a long history and takes various forms. Described as 'an internal state that arouses us to action, pushes us in particular directions, and keeps us engaged in certain activities' (Ormrod, 1999, p. 407) , motivation theorists distinguish between intrinsic and extrinsic motivation. Extrinsic motivation occurs when the source of motivation is external to the individual and performance task -when engaging in an activity is seen as a means to an end. Intrinsic motivation exists when the source of motivation lies within the individual and task -when one is motivated to engage in activity for its own sake (Pintrich & Schunk, 1996) . While both motivation types are important determinants and drivers of student learning, the quality of learning and performance varies depending on whether one is acting for primarily extrinsic versus intrinsic reasons (Ryan & Deci, 2000) . In this regard, research has shown that intrinsic motivation has numerous advantages over extrinsic motivation (Ormrod, 1999; Ryan & Deci, 2000) . For example, intrinsically motivated learners are more likely to pursue a task on their own initiative, persist in the face of failure, seek out opportunities to pursue the task and show creativity in performance (Ormrod, 1999) . Additionally, intrinsic motivation is linked to cognitive engagement in learning (because it keeps the learner's attention focused), learning information in a meaningful way (as opposed to rote learning) and achieving at high levels (Ormrod, 1999) .
Closely linked to theories of motivation and engagement is flow theory: a term coined by Csikszentmihalyi to depict the state of mind experienced when one is completely absorbed by, and focused on an activity, to the point where all sense of time and external environment is lost (Csikszentmihalyi, 1990) . Although initially thought to result from only play and leisure pursuits, Csikszentmihalyi showed that flow can be created through any activity including work. The flow experience has various features. Firstly, people report that their concentration is solely and intensely focused on the challenge at hand. Because they are so engrossed in the activity, they have few cognitive resources left, leading to a loss of self-consciousness: the person will not only temporarily forget their problems but will also lose awareness of their self in the real world. They may also experience a distorted sense of time: while it may fly or drag, one's perception bears little relationship to the reality of the clock. People in a flow state report feeling a sense of control over the activity at hand, although this may be more a sense of having control than actually having control (Csikszentmihalyi, 1990) . Additionally, in most flow experiences, it is notable that the activity is seen as rewarding in and of itself and is not undertaken with the expectation of future benefit or reward, thus delineating linkages with intrinsic motivation.
Research has distinguished various features and antecedents of the flow experience (Csikszentmihalyi, 1990; Kiili & Lainema, 2008) . One of the main emphases is on the balance between the individual's skill levels and the difficulties of tasks: for a person to experience flow, he/she should perceive that there is something for him/her to do (a challenge), and that he/she is capable of doing it. Thus every activity can engender flow, but for it to be maintained, the balance between challenge and skill must be maintained: as the person's skills improve, the tasks must become more complex to maintain an appropriate level of challenge. The goals of these activities or challenges should be clearly defined so that the person has a strong sense of what they need to do. Throughout an activity, clear feedback should be provided quickly and regularly, allowing the person to see if they are succeeding in their task.
Closely related to theories of engagement and flow is that of immersion. While it is generally acknowledged that immersion is a powerful experience of game play -and is an important factor in facilitating flow and engagement (Brown & Cairns, 2004; Jennett et al., 2008 ) -conceptualisations of immersion vary. Brown and Cairns (2004) define immersion as the user's degree of involvement with a computer game, categorising it into three levels. In the lowest level (which must precede all others) -termed "engagement" -the user is interested in the game and wants to keep playing. A player progresses to the second level of immersion -termed "engrossment" -when their emotions are directly affected by the game and controls become invisible. Finally, "total immersion" (while a fleeting experience) occurs when the player feels cut off from reality to the extent that the game is all that matters (demonstrating parallels with the flow experience). Taking a different slant, Lombard and Ditton (1997) conceptualise immersion in a 3D gaming environment in two ways: psychological immersion and perceptual immersion. Psychological immersion refers to the player's mental absorption in the gaming world/activities. In other words, the player is drawn into the world via their imagination. Perceptual immersion, on the other hand, refers to the extent to which a player is immersed in an environment via their senses. It is posited that when both levels of immersion are attained, 'situated immersion' (Alexander et al., 2005, p. 6) , 'total immersion' (Brown & Cairns, 2004 , p. 1297 or 'presence' (Bartle, 2007, p. 8) can occur: at this level of involvement the player has the subjective experience of actually existing within a virtual world even when he/she is physically situated in another.
For many years, gamers have experienced immersion and flow in their game-playing activities. With digital gaming generally acknowledged as a highly engaging, motivating, immersive and flow-inducing activity, many educators have begun to explore their potential as learning tools in an attempt to harness player engagement for educational purposes. However, the task of creating an engaging, motivating, "flow" experience within a serious gaming environment is difficult, with research delineating multiple strategies (Sweetser & Wyeth, 2005; McMahon & Ojeda, 2008; Qin et al., 2009 ). The next section will provide an overview of key design strategies, thereby linking theory with practice.
Relating Theory to Design
Extensive research has attempted to shed light on game features which generate engagement, motivation and flow. In his study of intrinsic motivation, Malone (1981) found that fantasy (or pleasurable content), control, challenge and curiosity were the primary features that mattered most. He later refined this model to include collaboration and competition (Malone & Lepper, 1987) . Bowman (1982) evaluated the motivational supports in the well-known commercial game, Pac-Man, concluding that player flow and motivation can be sustained by supplying players with a clear task, identifying roles and responsibilities, providing player choices and balancing learner skills with progressive challenges. Prensky (2001) has outlined similar factors as being important to the creation of engaging computer games: clear rules, continuous challenge and competition, clear goals and objectives, direct and instant feedback, and an immersive story line. Garris et al. (2002) have described game characteristics that facilitate player motivation as falling into six main categories: fantasy, rules/goals, sensory stimuli, challenge, mystery and control. Using Csikszentmihalyi's flow elements as a basis, Sweetser and Wyeth (2005) have created a "Gameflow" model which outlines eight core elements of games which facilitate player enjoyment and engagement: concentration, challenge, skills, control, clear goals, feedback, immersion and social. Thus while opinions vary on the features of games which engage players, many common threads can be identified (Table 1) .
In more recent times, digital games have become increasingly sophisticated in design. While early digital games such as Pac-Man involve simple one-dimensional puzzles, contemporary games are frequently situated in complex, multiplayer virtual worlds or 'microworlds ' (de Freitas, 2007, p. 11) . As technological possibilities have advanced, the strategies by which game designers engage and motivate players have also developed. While multiple approaches are taken, Dickey's triadic framework (2005) -which comprises 
Player Positioning
Player positioning refers to placement of the player within the game world, rather than external to it. In many contemporary games, this is achieved by adopting a first person perspective where the camera (or player view on screen) takes the position of the player/character's eyes. A third person perspective (where the player can see their character on screen) is also commonly used. It is argued that both perspectives have the advantage of allowing the player to become more immersed in the game world (McMahan, 2003; Adams & Rollings, 2007) .
Narrative
The use of narrative in game design has a long history and is part of an ongoing debate among the game design community. While proponents claim that a strong narrative can create a more immersive and engaging game play (Catania, 2009) , opponents argue that the linear nature of narrative detracts from the central feature of game play that is interaction (Juul, 1998) . Part of the reason for such contrasting views is that narrative in game design is conceptualised in various ways. Some designers view narrative as the non-interactive, presentational part of the story (Adams & Rollings, 2007) . Conversely, Jenkins (2004) and Qin et al. (2009) argue that narrative is an important architectural component of game play and game designers are not storytellers but narrative architects: according to this perspective, the game serves as a frame for a story that is co-authored by the interaction of the player and the game. Similarly, Carson (2000) conceptualises narrative as "environmental storytelling," where narrative is an all encompassing notion, a big picture of the world that is being created. He argues that rather than pause game play to narrate a story, game designers convey much of their "story" through various elements within the physical game space -such as colour, lighting, texture, characters and props. In this way, rather than spelling out a story, the player is invited to explore and discover the "story." As Carson (2000) states, the most important thing is that players feel in control, even though the designer has orchestrated the environment. This is reinforced by Dickey (2005) who argues that the challenge for designers is to engage players in a narrative while giving them power to change that narrative through game play choices.
Interactive Design
As the title implies, interactive design refers to multiple design elements which span the game setting, characters and interactions, all of which, it is argued, play an important part in player immersion and engagement (Dickey, 2005) . Firstly, it is posited that the physical representation of characters within the game (including player and non-player characters (NPCs)) and characters' dialogue significantly impact player immersion and thus engagement (McMahan, 2003; Dickey, 2005) . Ultimately, the player should be able to identify with their character so that a psychological bond between the two is achieved (Bartle, 2007) . Secondly, as previously suggested, the interaction of player and game (via tasks, challenges, choices and so on), and consequent feedback has been highlighted by many as crucial to player engagement and motivation. Dickey refers to the mechanisms by which such interaction is facilitated as "hooks": Howland (2002, as cited in Dickey, 2005) further classifies these into (1) action hooks (such as quests/missions), (2) resource hooks (such as ammunition and funds), (3) tactical and strategic hooks (such as decisions regarding resource allocation or strategy), and (4) time hooks (time restrictions imposed on the player). Thirdly, the game setting which comprises various elements -including the physical appearance of the game world, the role of time within the game, and the types of emotions that the game is designed to evoke -is highlighted as an important factor in engaging players and providing a sense of immersion (Adams & Hollings, 2007) . The advent of highly realistic and sophisticated virtual worlds has, according to many developers, enhanced opportunities for immersion by giving players the sense of being surrounded by a completely different reality (Qin et al., 2009) . In their quest for such immersion, and in an effort to exploit the new graphic possibilities, many developers aim to simulate visual reality as closely as possible, as evidenced in the highly realistic visuals in many contemporary commercial games (Wages et al., 2004; Masuch et al., 2005; Becta, 2006; Chalmers & Debattista, 2009 ). While such visual fidelity is often prized by developersdue to the belief that greater fidelity leads to enhanced perceptual immersion -in the realm of serious games, fidelity is also aspired to by many educators in the belief that replicating real world scenarios will enhance transfer from the virtual to the real world (Chalmers & Debattista, 2009 ). However the relationship between fidelity, engagement and learning is not so simple, as will be discussed in the next section.
Fidelity in Serious Games
In the context of serious game design, the concept of fidelity refers to the extent to which the game emulates the real world (Alexander et al., 2005) . Although subject to various definitions (Maran & Glavin, 2003) , it is commonly conceptualised on two levels. Physical fidelity refers to the degree to which the game environment looks, sounds and feels like the real world. Thus the physical fidelity of a game is determined by factors including visual display, controls, audio and physics models driving these variables. Functional fidelity is defined as the extent to which the game environment acts like the real world in terms of its response to player actions, thus encompassing the elements of game narrative and interactivity (Alexander et al., 2005) .
The rationale for fidelity in serious games stems from the dual gaming/pedagogical objectives of (a) engaging and immersing players and (b) providing an effective learning experience. From a pedagogic perspective, it is often argued that the high levels of fidelity afforded by the 3D worlds of many serious games can lead to enhanced transfer of knowledge from the virtual world to the real (Chalmers & Debattista, 2009; Dalgarno & Lee, 2009) : an argument which is underpinned by the belief that the more similar two situations are the greater the potential for transfer (Ormrod, 1999) . Additionally, from the perspective of experiential learning, high fidelity purports to ensure greater authenticity: an important factor in the drive to evoke real world experiences. With regard to player engagement, fidelity, particularly physical fidelity, is a common goal of game designers, many of whom believe that the more realistic the physical environment, the more believable and psychologically immersive the experience (Wages et al., 2004) . This is reinforced by the fact that in the commercial games market, realism and effect sell (Halff, 2005) . In light of the highly sophisticated visuals of many commercial games, some believe that serious games must demonstrate similar levels of fidelity if they are to compete with their commercial counterparts and meet players' expectations (Tuzun, 2007) . However, the relationship between fidelity, engagement/immersion and learning in serious games is not a simple one. From a visual perspective, in contrast to widely held assumptions, research suggests that the more photorealistic the computer-generated environment, the less believable it becomes (Wages et al., 2004) : a phenomenon commonly known as the "uncanny valley." Coined by Mori (1970) and reinforced by later research (Brenton et al., 2005; Tinwell & Grimshaw, 2009) , this phenomenon was first discovered during research into human responses to human-like robots. Mori discovered that up to a certain level, as robots (or computer-generated characters) demonstrate greater visible similarity to a human, the more appealing they become to the observer. However, when they become disconcertingly human-like, there is a strong drop in believability, comfort and empathy: known as the "valley." Various explanations for this valley have been proposed. Brenton et al. (2005) suggest that as a character becomes increasingly realistic, it is constrained to the physical attributes and behaviour of a real person (in the viewer's eyes): the more visually human-like the character, the greater the viewer's expectation. However, despite huge advances in graphic development, true photorealism is still unachievable (Edwards, 2009) . Consequently, it is argued that virtual environments which aim for high visual fidelity risk undermining players' tolerance for inaccuracies or deviations in appearance and behaviour (Brenton et al., 2005) . As Wages et al. (2004) state, 'the "recognition of reality" awakens our "wardens of reality" …who instantly detect the incongruities' (p. 220).
As this phenomenon, and the link between fidelity and immersion, has come under increasing scrutiny, more designers are now beginning to acknowledge that a game's visuals play a minor role in sustaining player engagement and immersion. Instead it is argued that good game play and a strong narrative are more important: that is, psychological immersion is paramount (Bartle, 2007) . Masuch et al. (2005) argue that the quality of immersion depends on believability, rather than realism of depiction. Thus they argue that consistency in graphical presentations and behaviour of game world objects is more important than true-to-life representations. Indeed Masuch et al. (2005) make a convincing case for non-photorealistic rendering (such as cartoon-like imagery). They state that such rendering can be used to highlight and emphasise certain parts of an image without breaking the atmosphere. Additionally, non-realistic graphic features can be used to support the game narrative and give extra information to the player. All this, they argue, can be achieved without "bursting the immersion bubble." Indeed, from an educational perspective, Masuch et al.'s design strategy has significant advantages as it allows designers to emphasise important points and provide scaffolding through additional graphic/text-based features. Wages et al. (2004) reinforce the argument for non-photorealistic rendering stating that as humans filter out more than 90% of sensory stimuli, including nonessential information through photorealistic detail is a pointless endeavour.
The representation of reality (and the realism versus abstraction debate) also arises in discussions regarding the pedagogical frameworks of serious games. Underpinned by a long history of research into fidelity in simulation design (Hatzipanagos, 2009) , aspirations for high fidelity on both physical and functional levels commonly derive from the belief that such fidelity is required to evoke a real-world experience, and thereby maximise transfer of learning (Dalgarno & Lee, 2009 ). However, research has shown that higher levels of fidelity do not necessarily translate into enhanced learning, but can in fact hinder learning with unnecessary complexity leading to cognitive overload (McKeachie, 2002) . Consequently, it is recommended that serious game design involves 'the extrapolation from reality of aspects relevant to the educational task' (Barton & Maharg, 2007, p. 117) . Alexander et al. (2005) elaborate, suggesting that the appropriate level of fidelity depends on the learning objectives underpinning the game/simulation. Where these involve targeted skill training (such as learning to fire a weapon), high levels of physical fidelity may be appropriate. Conversely if abstract conceptual learning is the goal, functional fidelity should arguably be prioritised. Similarly, Jentsch and Bowers (1998) argue that designers must prioritise those components which require a high-fidelity, depending on training requirements.
Determining which components to foreground can be difficult however, particularly because of the need for play elements in serious game design: many of which may not fit with a high-fidelity simulation approach. This is highlighted by King (2005) who, in his analysis of Full Spectrum Warrior (a military game originally designed as a U.S. Army training aide and later released as a commercial game), describes the tensions between replicating reality and achieving playability. While the training version aimed for functional realism, it lost out on playability by omitting game play features such as save options, status icons and additional ammunition: conversely, the commercial release retained such features. King argues that while this may be a less "authentic" depiction of the real world, it is a more "playful" and therefore pleasurable experience. From a pedagogic perspective, it might also be argued that such play elements aid in scaffolding students: an important feature of situated learning and problem-based learning approaches (Young, 1993; Ma et al., 2007) . While King does not explore the relationship between fidelity and pedagogy, he highlights important tensions in the design of game-based learning regarding the balancing of fidelity with the dual objectives of pedagogy and play.
CONCLUSION
This paper has explored a triadic theoretical framework for serious game design, comprising the elements of play, pedagogy and fidelity. It has outlined underpinning theories and key literatures and it has identified associated challenges and issues. These literatures provide a rich theoretical basis for the serious game design process, however it is clear that due to the inherent incongruities between game design (which prioritises entertainment), simulation design (which prioritises fidelity), and pedagogy (which prioritises education), difficulties persist in balancing these elements during the design process and indeed in reconciling these elements into one coherent theoretical framework for serious game design: as evidenced by numerous failed attempts (Dumbleton, 2007; Aldrich, 2005; Harteveld et al., 2010; Harteveld, 2011) . A further challenge results from the inherent multidisciplinary nature of serious game design: while it frequently entails collaboration among multiple team members from different disciplines (for example technical versus pedagogic parties), conflicting interests, perspectives and priorities of designers from different backgrounds can also complicate the "balancing" process (Lynch & Tunstall, 2008; Pulman & Shufflebottom, 2009; Rooney, 2011) . While these reported difficulties have led many to conclude that serious game design is an art as opposed to a science (Aldrich, 2010; Klopfer et al., 2009) , previous studies have also suggested that developing guidelines for integrating these components in serious games would be a useful addition to the literature (Rooney, 2011) . Indeed, such guidelines may prove particularly crucial for educators in HE who may be keen to embark on such ventures but may be unaware of the "tradeoffs" involved and how to achieve them.
